
New Jersey Department of Environmental Protection 
Site Remediation Program 
Protocol For Addressing Extractabie Petroleum Hydrocarbons 
(Version 5.0, August 9,2010) 

DISCLAIMER 

This New Jeisey Department of EnVifoninehtai Protectidn (Departrtieht) guidance Is written based upon 
the method 'Analysis of Extractabie Peiro/eum Hydrocarbon Compounds (EPH) in Aqueous and 
Soil/Sedlment/Sludge Matrices" (NJDEP EPH Method Revision 3). 

The Department has implemented a phase-in period of six months for the use of this guidance which is 
similar in approach the phase-in pericxls used in the past by the SRP. For additional information 
regarding the phase4n, refer to the document "Phase-in for the imptementation of the 'Protocol for 
Addressing Extractabie Petroleum Hydrocarbons' and the associated analytical rnethod 'Analysis of 
Extractabie Petroleum Hydrocarbon Compounds (EPH) in Aqueous and SOii/Sediment/Sludge Matrices" 
(http://www.ni.gov/deD/srD/QUidance/srra/eDh. phasein.bdfi. 
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INTRODUCTION 

This New Jersey Department of Environmental Protection (Department) guidance document wiii provide 
direction on how to address petroleum hydrocarbon mixture discharges except for those that originate 
from the more volatile petroleum hydrocarbon mbctures (i.e., gasoline, kerosene, jet fuel, and mineral 
spirits). Voiatiie petroleum hydrocarbon mixtures are to be investigated pursuant to the Technical 
Requirements for Site Remediation (TRSR). Analytical requirements remain as defined pursuant to Table 
2-1 (httD://www.ni.aov/dep/srp/reqs/techrule/techrule.Ddfi. Historically, the Department has usal a value 
of 10,000 mg/kg, which Was based on the field capacity to remediate total petroleum hydrocarbon 
discharges. The D^artment is mandated by N.J.S.A. 58:106-12 to employ a health-based apprcach 
when developing remediation standards.' This guidance document provides a heaith-based approach to 
accomplish the remediation Of petfoieurn hydrocarbon rhixtures. 

It should be noted that this guidance document does not preclude campiiance with any other Site 
Remediation Program policies, including the sheen policy (http://www.ni.aov/dep/srp/Quidance/sheen/1. 
in addition, the parson responsible for conducting the remediation shall also comply wilti tfie TRSR 
including, but not limited to, the requirements to remove and/or treat free and/or residual product 
(N.J A.C. 7^6E-6.1(d), http://www.ni.aov/dep/srp/reas/techruie/techrule.pdf1. Furthermore, the 
Department is establishing an ecoiogicai screening value of 1,700 mg/kg (established at "Health Based 
and Ecological Screening Criteria for Petroleum Hydrocarbons - Frequently Asked Questions," Question 
#3": http://www.ni.QOv/dep/srp/auidance/rs/eph fao.html that is applicable to all petroleum hydrocarbon 
discharges If and only If a sensitive environmental resourca Is potentially impacted by petroleum 
hydrocarbon contamination as determined by a baseline ecoiogicai evaluation (N.J.A.C. 7:26E-3.11). in 
these situations, an ecological risk assessment shall be conducted pursuant to N. J.A.C. 7:26E-4.7 in 
order to establish a site-specific ecological criterion. Note that pursuant to the TRSR, a baseline 
ecoiogicai evaluation is not required at an area of concem that consists of an underground storage tank 
storing heating oil for on-site consumption in a one to four family residential building (N.J AC. 7:26E-
3.11 (a): http://www.ni.gov/dep/srp/reas/techrule/techmle.pdfi. 

PROTOCOL 

The initial task in the protcxjol is to determine the cxirrent and historical petroleum hydrocarbon mbctures 
stored and potentially discharged at the area of concem being investigated, and based on this 
information, to determine the appropriate Category of discharge being investigated. As noted above, this 
guidance document does not apply to the more voiatiie organic compound mixtures: 

Category 1 cansists of discharges of only Number 2 (No. 2) fuel oil and/or diesel fuel. 

Category 2 cjonslsts of discharges of petroleum hydrocarbon mixtures other than No, 2 fuel oil and/or 
diesel fuel (i.e., Number 4 fuel oil. Number 6 fuel oil, hydraulic oils, cutting oils, crude oil, lubricating 
oil, waste oil, waste vehicular crankcase oil, and waste mineral oilX 

For those atuations where multiple petroleum hydrocarbon mixtures are involved, the evaluation must 
address ail the types known to be present For those situations where the product type is unknown, 
sampling and analytical parameters for waste Oil shall be applied. 

The method "Analysis of extractable petroleum hydrocarbon (EPH) compounds in non-aqueous and 
aqueous matiiced" (NJDEP EPH Method Revision 3) will be used as the prindpal evaluation tool when 
investigating areas of concem involving both Category 1 and Category 2 discharges. The results of this 
method will be termed extractable petroleum hydrocarbons (EPH). 

The second task in the protocol is to determine the human health based EPH remedial goal. For sites 
with readential exposure scenarios where a Category 1 discharge has occurred, the EPH human health 
value has already been calculated to be 5,100 mg EPH/kg (see "Frequently Asked Que^ons for 
Petroleum Hydrocarbons," Question #1 for a discussion on the derivation of 5,100 mg/kg; 
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http://www.ni.gov/dep/srp/auiclance/rs/eDh feia.htm). in order to perform this calculation, the Department 
conducted a field study to determine a t^ical chemical composition for No. 2 fuel oil. Using this average 
composition, appropriate toxicity information, and current USEPA risk assessment equations, the health-
based criterion was developed. For Category 1 discharges at sites with non-residential exposure 
scenarios, the EPH human health value has already been calculated to be 54,000 mg EPH/kg (see 
"Frequently Asked Questions for Petroleum Hydrocarbons," Question #1 for a discussion on the 
derivation of 54,000 mg/kg: htto://www.ni.aov/dep/srp/auidance/rs/eph faa.html. The person responsible 
for conducting the remediation shall apply the 54,000 mg EPH/kg criterion as part of the EPH Protocol. 

The Department has made a policy determinatiwj that compliance for Category 1 discharges will use 
these fixed EPH values, rather than calculated sample-specific values. This decision was reached after 
consultation with the Department units directly involved with the use and implementation of these cnteria. 

The user should be aware that the Department will continue to evaluate this policy in the future. For 
Category 2 discharges at sites with both r^idential and non-residential exposure scenarios, the 
calculation of the EPH human health value will be accomplished using the ^readsheet provided by the 
Department at http://www.ni.aov/dep/srp/auidance/srra/EPHCalcUlator.xls. Step by step guidance for the 
completion of the process will be provided for each of these Category/Ex|x>sure Sr^nario situations 
folldWing the descriptibns of the tasks in the protocol. 

The third task in the protocol is to address any contingency analysis requirements. For Category 1 
discharges, analytical requirements for all contingency samples are restricted to only 2-
methylnaphthalene and naphthalene. For No. 2 fuel arid/or diesel this contingency testing is required if 
the post-remediation EPH concentrations to remain at the site exceed 1,000 mg EPH/kg. Based on the 
results of the field study, it was determined that 2-methylnaphthalene and naphthalene, as well as other 
contaminants, were not of regulatory concem When EPH concentrations were below 1,000 mg/kg. For 
Category 2 discharges, analytical requirements pursuant to the TRSR, Table 2-1 ("Analytical 
Requirements for Petroleum Storage and Discharge Areas," 
http-7/www.ni.aov/dep/srp/reas/techrule/techrule.pdfl apply. This cofripletes the EPH and/or compound 
specific human health value evaluations. 

The final task in the protocol is to evaluate the calculated human health based value against the residual 
prodUct/free product value; comply with the sheen policy; and apply the ecological values (if appropriate). 
The final remedial goal will be the applicable Value or action that addresses all of the concerns just noted, 
whether the value or action is EPH based or otherwise. 

A tabular summary of the protocol is provided as Appendix 1. The user shalJ be aware that deviations 
from this protocol require Department approval. The Department will consider technical impracticability 
as a basis for not oortipletlng the remediation pursuant to this protocol. 
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CATEGORY 1 - Discharges of only Number 2 (No. 2) fuel oil or diesel fuel for a residential 
exposure scenario 

The following assumes that for a Category 1 discharge an unrestricted use is the eridpoint of the remedial 
activities at a residential site. 

STEP 1. Evaluate all EPH sample results relative to the 5,100 mg EPH/kg soil remediation standard: 

A. All EPH sample results are less than or equal to 5,100 mg EPH/kg. Remediation Is 
complete for EPH. Go to Step 2 to determine whether contingency analyses are 
required. If remediation Is not complete, then go to Step 

B. One or more EPH sample results are greater than 5,100 mg EPH/kg. Conduct 
additional soli remediation (excavate/treat contaminated soil) and return to Step 
I.A. Alternatively, consider conditional remediation closure (i.e., implementation of 
institutional and engineering controls) as well as address any other relevant rules, 
policies, and /or requirements. Go to Step 2 to determine whether contingency 
analyses required. 

STEP 2. Evaluate all EPH sample results relative to 1,000 mg EPH/kg contingency analysis trigger: 

A, All EPH sample results are less than or equal to 1,000 mg EPH/kg. Remediation Is 
complete for 2-methylnaphthalene and naphthalene. Go to Step 7. if remediation 
Is not complete, then go to Step 2.8. 

B. if one or more EPH sample results are greater than 1,000 mg EPH/kg, then contingency 
analyses fOr 2-methylnaphthalene and naphthalene are required. Go to Step 3. 

STEP 3. Determine tine number of contingency samples: 

# Samples >1,000 mg 
EPH/kg 

# Gontingency Samples 

1-4 1 
5-8 2 

9-12 3 

Pursuant to the Technical Requirements for Site Remediation, Table 2-1 ("Analytical 
Requirements for Petroleum Storage and Discharge Areas," 
http://www.ni.gov/deD/srp/reqs/technile/techrule.Ddfi. contingency samples shall be those 
with the greatest EPH concentration(s). 

Go to Step 4. 

STEP 4. Evaluate whether any measured 2-methylnaphthalene concentration exceeds the impact to 
ground water exposure pathway screening level of 5 mg/kg or any measured naphthalene 
concentration exceeds the inhalation exposure pathway residential direct contact criterion of 
6 mg/kg. 

A. if there are no exceedances for both 2-methylnaphthalene and naphthalene for ail 
contingency samples, then remediation is complete for 2-methyinaphthaiene and 
naphthalene. Go to Step 7. if remediation Is not complete, then go to Step 4.B. 

B. If there Is an exceedance for 2-methylnaphthalene for any contingency sample, then go 
to Step 5. If there is an exceedance for naphthalerre for any contingency sample, then 
go to Step 6. If there is an exceedance for both 2-methylnaphthalene and naphthalene 
for any contingency sample, then go to both Step 5 and Step 6. 
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STEPS. Optiohs for 2-methyinaphthalene contingency sample exceedances: 

A. Excavate/treat contaminated soils until they are confirmed to be less than or equal to 
1,000 mg EPH/kg. Renfiediation is complete for 2-methylnaphthalene. Go to Step 7. 
If remedllatlon Is not complete or Step 5.A Is not Implemented, then go to Step 5.B. 

B. Excavate/treat contaminated soils until they are confirmed to be less than or equal to 5 
mg 2-methylnaphthalene/kg. Remediation Is complete for 2-methylnaphthalene and 
go to Step 7. If remediation Is not complete or Step 5.B Is not Implemented, then 
go to Step 5.C. 

C. Gondud the Synthetic Precipitation Leachate Procedure (SPLP) as outlined below. 

NOTE: The Glass II ground water 2-methylnaphthalehe leachate criterion (LG) equals 
390 micrograms per liter (ug/L), calculated as follows: 

Ground water quality standard (GWQS) = 30 ug/L 
Dilution attenuation factor (DAF) = 13 

LG = GWQS X DAF = 30 x 13 = 390 Ug/L 

NOTE: The following protocol departs from the protocol found in "Guidance for the Use 
of the Synthetic Precipitation Leaching Procedure to Develop Site-Specific Impact to 
Ground Water Remediation Standards" 
(httD://www.ni.ciov/deD/srD/Quidance/rs/splp quidance.odfl and is applicable only under 
the circumstances specified here. 

i. If one or two of the contingency samples analyzed exceed 5 mg 2-
methylnaphthalene/kg, then coriduct SPLP analysis on those samples. 

a. All sample leachate concentrations are less than or equal to 390 ug/L. 
Remediation is complete for 2-methyihaphthalene. Go to Step 7. If 
remediation is not complete, then go to Step SX.i.t). 

b. For samples with leachate concentrations greater than 390 ug/L, conduct 
additional soil remediation (excavate/treat contaminated soli) and return to 
Step 5.A, 5.B, or 5,0, as vyell as address any other relevant rules, policies, and 
/or requirements. Alternatively, other options for addressing impacts to 
ground water from 2-methylnaphthalene are available at 
http://www.ni.Qov/dep/srp/auidanGe/rs/iciw intro.htm. Perform remediation as 
required and then go to Step 7. 

ii. If three or more of the contingency samples analyzed exceed 5 mg 2-
methylnaphthalene/kg, then conduct SPLP analysis pursuant to "Guidance for the 
Use of the Synthetic Precipitation Leaching Procedure to Develop Site-Specific 
Impact to Ground Water Remediation Standards" 
(http://Www.ni.qov/dep/srp/Quidance/rs/splP auidance.pdfl. Evaiuate data using the 
Department "SPLP Spreadsheet" 
(htto://www.ni.qov/dep/srp/Quidance/rs/sp|p sPreadsheet.xIsV 

a. All 2-methyInaphthalene concentrations are below the greatest remediation 
standard determined by the SPLP Spreadsheet. Remediation is complete for 
2-methylnaphthalene. Go to Step 7. If rerhediation is not complete, then go 
to Step S.C.ii.b. 
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b. If any 2-niethylnaphthalene concentration exceeds greatest remediation standard 
determined by the SPLP Spreadsheet, then conduct additional soil 
remediation (excavate/treat contaminated soil) and return to Step 5A, 5.B, 
or 5.C, as well as address any other relevant rules, policies, and /or 
requirements. Alternativeiy, other options for addressing impacts to ground 
water from 2>methylnaphthaiene are available at 
http://www.ni.Qov/deD/srp/Quidance/rs/iQw intro.htm. Perform remediation as 
required and then go to Step 7. 

STEP 6. Options for naphthalene exceedanc^; 

A. Excavate/treat contaminated soils until they are confirmed to be less than or equal to 
1,000 mg EPH/kg. Remediation is complete for naphthalene. Go to Step 7. If 
remediation is not complete or Step 6.A is not implemented, then go to Step 6.B. 

B. Excavate/treat contaminated soils until they are confirmed to be less than or equal to 6 
mg naphthalene/kg. Remediation is complete for naphthalene. Go to Step 7. If 
remediation is not complete or Step 6.B is not implemented, then go to Step 6.C. 

C. Perform compliance averaging using "Guidance Document for Implementing the 
Inhalation ExiMsure Pathway Soil Remediation Standards" 
fhttp://www.ni.aov/dep/srD/Quidance/rs/compl ars inhalation.pdf^ and appropriate 
analytical data. 

1. Actual analytical data for naphthalene must be used. These may Include 
naphthalene results from samples with less than 1,000 mg EPH/kg If sample 
selection is consistent with the TRSR (N.J.A.C. 7:26E: 
http://www.nl.aov/dep/srp/reQs/techrule/techrule.pdfi and the "Guidance Document 
for Implementing the Inhalation Exposure Pathway Soil RemediatJon Standards" 
(http://www.ni.gov/dep/srp/auidance/rs/comDi ars inhalation.pdfi. 

ii. Compliance requirements satisfied: Remediation is complete for naphthalene. 
Go to Step 7. If remediation is not complete, then go to Step 6.C.lii. 

iii. Failure to achieve compliance: Conduct additional soil remediation 
(^cavate/treat contaminated soil) and return to Step 6.A, Step 6.B, or Step 6.0. 
Alternatively, consider conditional remediatioh closure (i.e., implementation of 
institutional and engineering controis) as well as address any other relevant rules, 
policies, and /or requirements and then go to Step 7. 

STEP 7. Determine whether any measured EPH concentration Is greater than the residual 
product/free product limit. EPH cannot exceed the residual product/free product limit of 8,000 
mg EPH/kg fbr No. 2 fuel and/or diesel fuel (see Appendix 2 for a discussion of the derivation 
of the residual product/free product concentration). 

A. All measured EPH concentrations are less than 5,100 mg/kg and therefore are also less 
than 8,000 mg EPH/kg. Remediation is complete for residual product/free product. 
Go to Step 8. if remediation is not complete, then go to Step 7.B. 

B. If any measured EPH concentration Is greater than 8,000 mg EPH/kg, then additional 
remediation Is required for EPH to achieve the 8,000 mg EPH/kg residual product/free 
product limit. Following additional remediation, go to Step 8. Note that both an 
institutional control (i.e.. Deed Notice) and engineering control(s) rriust be established for 
all areas exceeding 5,100 mg EPH/kg. 
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STEP 8. If applicable, evaluate for the presence of sheen pursuant to the Department policy 
fhttD://www.ni.aov/deo/srD/Quidance/sheenA. If not applicabie, then go to Step 9. 

A, Sheen that needs to be addressed pursuant to the sheen policy is not present. 
Therefore, there is no need to remediate sheen, go to Step 9. Otherwise, go to Step 
8.B. 

B. Sheen is present that needs to be addressed pursuant to the sheen poiicy. Take the 
necessary corrective actions. Go to Step 9. 

STEP 9. Evaluate for ecoiogical concern: 

A, There are no EPH values exceeding 1,700 mg EPH/kg (see "Frequently Asked Questions 
for Petroleum Hydrocarbons," Question #3 for derivation: 
httD://www.ni.Qov/dep/srD/auidance/rs/ebh faa.html. The entire renniediatlon is 
complete, if remediation is not complete, then go to Step 9.B. 

B. Determine whether a Baseline Ecoiogical Evaluation (BEE) is appropriate. A BEE is 
appropriate at ail areas of concern excluding those that cxsnsist of an underground 
storage tank storing heating oil for on-site consumption in a one to four family residential 
building (TRSR, N.J,A,C, 7:26E-3.i 1(a)). If a BEE is not appropriate, then the entire 
remediation is complete. If remediation is not complete, then go to Step 9.C. 

C. A BEE is appropriate: 

i. If there is no contaminant of concern or no potenttoi pathway or no sensitive 
ecoiogical resource present based on the BEE, then the entire remediation is 
complete. If remediation is not complete, then go to Step 9.C.II. 

il. If the BEE finds that a potential contaminant of concern has a potential pathway to a 
sensitive ecoiogical resourra, then take the necessary actions and address the 
ecological concem. The entire remediation is complete. 

• Note that if the EPH concentration does not exceed 1,700 mg/kg measured at 
the sensitive ecological resource, the ecoiogical remoliation is considered 
complete. 

• Be advised that the maximum ecoiogical remediation goal has been set at 4,000 
mg EPH/kg measured at the sensitive ecological resource. This value applies 
only to the terrestrial environment. For other environments (e.g., benthic), the 
TRSR are to be followed to determine the appropriate remediation. 

Prbtocx)! for Addressing Extractable Petroleum Hydrocartjons Page 7 (rf 19 
Version 5.0 08/09/2010 

http://www.ni.aov/deo/srD/Quidance/sheenA


CATEGORY 1 - Discharges of only Number 2 (No. 2) fuel oil or diesel fuel for a non-resldentlai 
exposure scenario 

The foiiowing assumes that for a Category 1 discharge that a nonH-esidential use is the endpoint of the 
remedial activities at the non-residential site. This will require an institutional con^l (i.e., Deed Notice) if 
any contaminant concentrations remaining at the site exceed their respective residential exposure 
scenario soil femediation Standards. 

STEP 1. Determine EPH compliance by foiiowing the steps below: 

A. Use the EPH analytical method to determine the EPH concentration for each sample. 
Then go to Step I.e. 

B. Use 54,000 mg EPH/kg as the EPH compliance value. Go to Step 1.0. 

C. All EPH sample results are less than or equal to 54,000 mg EPH/kg. Remediation is 
complete for EPH. Go to Step 2 to determine Whether contingency analyses are 
required. If remediation Is not complete, then go to Step 1.0. 

D. One or more EPH sample results are greater than 54,000 mg EPH/kg. Conduct 
additional soil remediation (excavate/treat contaminated soil) and return to Step 
1 A- If no additional soil remediation Is conducted, then go to Step 1 .E. The user 
Is cautioned that the residual product/free product evaluation In Step 7 will require 
remediation for all areas above 8,000 mg EPH/kg. 

E. Alternatively, consider conditional remediation closure (i.e., implementation of 
institutional and engineering controls) as well as address any other relevant rules, 
policies, and /or requirements. Go to Step 2 to determine whether contingency 
analyses required. 

STEP 2. Evaluate all EPH sample results relative to 1,000 mg EPH/kg contingency analysis trigger: 

A. All EPH sample results are less than or equal to 1,000 mg EPH/kg Remediation Is 
complete for 2-methylnaphthalene and naphthalene. Go to Step 7. If remediation 
Is not complete, then go to Step 2.B. 

B. If one or more EPH sample results are greater than 1,000 mg EPH/kg, then contingency 
analyses for 2-methylnaphthalene and naphthalene are required. Go to Step 3. 

STEP 3. Determine the number of contingency samples: 

# samples >1,000 mg 
EPH/ka 

# Contingency Samples 

1-4 1 
5-8 2 

9-12 3 

Pursuant to the Technical Requirements for Site Remediation, Table 2-1 ("Analytical 
Requirements for Petroleum Storage and Discharge Areas," 
httD://Www.ni.aov/deD/srp/reqs/techrule/techrule.pdf). contingency samples shall be those 
with the greatest EPH concentration(s). 

Go to Step 4. 

STEP 4. Evaluate whether any measured 2-methylnaphthalene concentration exceeds the impact to 
ground water exposure pathway screening level of 5 mg/kg or any measured naphthalene 
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concentration exceeds the impact to ground water exposure pathway saeening level of 16 
mg/kg. 

A. If there are no exoeedances for both 2-methyinaphthalene and naphthalene for all 
contingency samples, then remediation is compiete for 2-methylnaphthaiene and 
naphthaiene. Go to Step 7. if remediation is not compiete, then go to Step 4.B. 

B. If there Is an exoeedanoe for 2-methylnaphthalene for any oontlngeficy sample, then go 
to Step 5. If there Is an exoeedanoe for naphthalene for any contingency sample, then 
go to Step 6. If there Is an exoeedanoe for both 2-methylnaphthalene and naphthalene 
for any contingency sample, ̂ en go to both Step 5 arid Step 6. 

STEP 5. Options for 2-methylnaphthalene contingency sample exoeedances: 

A. Excavate/treat contaminated soils until they are confirmed to be less than or equal to 
1,000 mg EPH/kg. Remediation is compiete for 2-methyinaphthaiene. Go to Step 7. 
if remediation is not compiete or Step 5.A is pot implemented, theri go to Step 5.B. 

B. Excavate/treat contarhlnated soils until they are confirmed to be less than or equal to 5 
mg 2-methylnaphthalene/kg. Remediation is complete for 2-methylnaphthalehe and 
go to Step 7. if remediation is not compiete or Step 5.B is not implemented, then 
go to Step 5.C. 

C. Conduct the Synthetic Precipitation Leadiate Procedure (SPLP) as outlined below. 

NOTE: The Class II ground water 2-methylnaphthalene leachate criterion (LC) equals 
390 micrograms per liter (ug/L), as follows: 

Ground water quality standard (GWQ$) = 30 ug/L 
Dilution attenuation factor (OAF) = 13 

LC = GWQS X DAP = 30 X 13 = 390 ug/L 

NOTE: The following protocol departs from the protocol found in "Guidance for the Use 
of the Synthetic Precipitation Leaching Procedure to Develop Site-Specific Impact to 
Ground Water Remediation Standards" 
(httD://www.nl.qov/dep/srD/auldance/rs/sDlD auldance.odfl and is applicabie only under 
the circumstances specified here. 

I. If one or two of ttie contingency samples analyzed exceed 5 mg 2-
methylnaphthalene/kg, then conduct SPLP analysis on those samples. 

a. All sample leachate ccmcentratlons are less than or equal to 390 ug/L. 
Remediation is compiete for 2-methyinaphthaiene. Go to Step 7. if 
remediation is not compiete, then go to Step S.C.i.b. 

b. For samples With leachate concentrations greater than 390 ug/L, conduct 
additional soil remediation (excavate/treat contaminated soil) and return to 
Step 5.A, 5.B, or 5.0, as well as address any other relevant rules, policies, and 
/or requirements. Alternatively, other options for addressing impacts to 
ground water from 2-methyinaphthaiene are avaiiabie at 
http://www.ni.qov/dep/srp/quidance/rs/laW intro.htm. Perform remediation as 
required and then go to Step 7. 

ii. If three or more of the cohtlngericy sarriples arralyzed exceed 5 mg 2-
methylnaphthalene/kg, theri conduct SFLP analysis pursuant to "Guidance for the 
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Use of the Synthetic Precipitation Leaching Procedure to Develop Site-Spedfic 
Impact to Ground Water Remediation Standards" 
(httD-.//www.ni.aov/deD/srD/Quidance/rs/sDiD auidance.Ddf). Evaluate data using the 
Department "SPLP Spreadsheet" 
fhttD://yvww.ni.aoV/deD/srD/Quidance/rs/sDiD soreadsheet-xls). 

a. All 2-methylnaphthalene concentrations are below greatest remediation standard 
determined by the SPLP Spreadsheet. Remediation is compiete for 2-
methylnaphthalene. Go to Step 7. if remediation is not compiete, then go 
to Step 5.C.ii.b. 

b. If any 2-methylnaphthalene concentration exceeds greatest remediation standard 
determined by the SPLP SpreadsheeL then conduct additional soil 
remediation (excavate/tfeat contamihated soil) and return to Step 5.A, 5.B, 
or 5.C, as well as address any other relevant rules, policies, and/or 
requirements. Aiternativeiy, other options for addressing impacts to ground 
water frorh 2-methylnaphthalene are avaiiabie at 
httD://www.ni.aov/deD/srD/ouidance/rs/iciw intro.htm. Perform remediation as 
required and then go to Step 7. 

STEP 6, Options for naphthalene exceedances: 

A. Excavate/treat oontaminated soils until they are confirmed to be less than or equal to 
1,000 mg EPH/kg. Remediation Is complete for naphthalene. Go to Step 7. if 
remediation is not complete or Step 6.A is not implemented, then go to Step 6.B. 

B. Excavate/treat contaminated soils until they are confirmed to be less than or equal to 16 
mg naphthalene/kg (impact to ground water exposure pathway screening level). 
Remediation is complete for naphthalene. Go to Step 7- if remediation is not 
compiete or Step 6.B is not implemented, then go to Step 6.C. 

0. Conduct the Synthetic Precipitation Leachate Procedure (SPLP) as outlined beiow. 

NOTE: The Class II ground water naphthalene leachate criterion (LC) equals 3,900 
miaograms per liter (ug/L), calculated as foilpws: 

Ground water quality standard (GWQS) = 300 ug/L 
Dilution attenuation factor (DAF) = 13 

LC = GWQS X DAF = 300 x 13 = 3,900 ug/L 

NOTE: The following protocol departs from the protocol found in "Guidance for the yse 
of the Synthetic Precipitation Leaching Procedure to Develop Site-Specific Impact to 
Ground Water Remediation Standards" 
(http://www.ni.qoy/deD/srD/auidance/rs/sDlD auidance.odfl and is applicable only under 
the circumstances specified here. 

i. if one or two of the contingency samples analyzed exceed 16 rtig naphthalene/kg, 
then conduct SPLP analysis on those samples. 

a. All sample leachate concentrations are less than or equal to 3,900 ug/L. 
Remediation is compiete for naphthalene. Go to Step 6.D. If remediation is 
not compiete, then go to Step O.C.Lb. 

b. For samples with leachate concentrations greater than 3,900 ug/L, conduct 
additiohai soil remediation (excavate/treat contaminated soil) and return to 

Protocol for Addr^ing Extractable Petroleum Hydrocaitons Page 10 of 19 
Version 5.0 08/09/2010 



step 6.A, 6.B, or 6.C, as well as address any other relevant rul^, policies, and 
/or requirements. Alternatively, other options for addressing Impacts to 
ground water from naphthalene are available at 
httD://www.ni.QOv/deD/srD/auidance/rs/iaw intro.htm. Perform remediation as 
required and then go to Step 7. 

ii. If three or more of the contingency samples analyzed exceed 16 mg naphthalene/kg, 
then conduct SPLP analysis pursuant to "Guidance for the Use of the Synthetic 
Precipitation Leaching Procedure to Deveiop Site-Specific impact to Ground Water 
Remediation Standards" fhttD://www.ni.aov/deD/srD/auklance/rs/sDiD ouidartce.Ddfl. 
Evaluate data using the Department "SPLP Spreadsheet" 
fhttD://www.ni.qov/deD/srp/quidance/rS/sDiD SDreadsheetxIsl. 

a. Ail naphthalene concentrations are below the greatest remediation standard 
determined by the SPLP Spreadsheet, Remediation Is complete for 
naphthalene. Go to Step 6.D. If remediation is not complete, then go to 
Step 6.C.il.b. 

b. If any naphthalene concentration exceeds greatest remediation standard 
determined by the SPLP SpreadsheeL then conduct additional soil 
remediation (excavate/treat contaminated soil) and return to Step 6.A, 6.B, 
or 6.C, as well as address any other relevant rules, policies, and /or 
requirements. Alternatively, other options for addressing Impacts to ground 
water from naphthalene are available at 
httD://www ni.qov/deD/srD/quidance/rs/iqw intro.htm. Perform remediation as 
required. If all remaining naphthalene concentrations are less than or 
equal to 17 mg/kg, then go to Step 7. Otherwise go to $tep 6,D. 

D. If naphthalene concentrations exceed 17 mg/kg, then perform compiiance averaging 
using "Guidance Document for implementing the Inhalation Exposure Pathway Soii 
Remediation Standards" 
(httD://www.ni.qov/deb/srD/quidance/rs/comDi ars inhalation.Ddf) and appropriate 
anaiyticai data. 

i. Actuai anaiyticai data for naphthaiene must be used. These may include 
naphthalene results from samples with less than 1,000 mg EPH/kg if sample 
selection is consistent with the TRSR (N.J AG. 7:26E: 
httb://\ftww.ni.qov/deD/srD/reqs/techruie/techruie.Ddfl and the "Guidance Document 
for Implementing the Inhalation Exposure Pathway Soii Remediation Standards" 
(httD://www.ni.oov/deD/srD/quidance/rs/comDl ars inhaiation.odn. 

ii. Compliance requirements satisfied: Remediation is complete for naphthalene. 
Go to Step 7. If ierfiediation is not complete^ then go to Step S.D.Iii. 

iii. Failure to achieve compiiance: Conduct additional soil remediation 
(excavate/tfeat contaminated soil) and return to Step 6.A, Step 6.B, or Step 6.D. 
Alternatively, consider conditional remediation closure (i.e., implementation of 
institutional and engineering controls) as well as address any other relevant rules, 
policies, and /or requirements and then go to Step 7. 

STEP 7. Determine whether any measured EPH concentration is greater than the residual 
product/free product limit EPH cannot exceed the residual product/free product limit of 8,000 
mg EPH/kg for No, 2 fuel and/or diesel fuel (see Appendix 2 for a discussion of the derivation 
of the residual product/free product concentration). 

Protocol for Addressing Extractatile Petroleum Hydrocarbons Page 11 of 19 
Version 5.0 08/09/2010 



A. All measured EPH concentrations are less than the 54,000 mg EPH/kg remediation 
criterion and are also less than 8,000 mg EPH/kg. Remediatiori is complete for 
residual product/free product Go to Step 8. If remediation Is not complete, then 
go to Step 7.B. Note that at a minimum, an institutional control (i.e.. Deed Notice) must 
be established for all areas exceeding 5,1 OO mg EPH/kg. 

B. if any measured EPH concentration is less than the 54,000 mg EPH/kg remediation 
criterion but is greater than 8,000 mg EPH/kg, then additional remediation is required for 
EPH to achieve the 8,000 mg EPH/kg residual product/free product limit. Following 
additional remediation, go to Step 8. Note that at a minimum, an instituticmai control 
(i.e.. Deed Notice) must be established for ail areas exceeding 5,100 mg EPH/kg. 

STEP 8. if appiicab'ie, evaluate for the presence of sheen pursuant to the Department policy 
(httD://www.ni.aov/deD/srD/Quidanc^sheen/l. if not applicable, then go to Step 9. 

A. Sheen that needs to be addressed pursuant to the shean policy is not present 
Therefore, there is no need to remediate sheen, go to Step 9. Otherwise, go to Step 
8.B. 

B, Sheen is present that heeds to be addressed pursuant to the sheen policy. Take the 
nec^sary corrective actions. Go to Step 9. 

STEP 9. Evaluate for ecological concern: 

A There are no EPH values exceeding 1,700 mg EPH/kg (see "Frequently Asked Questions 
for Petroleum Hydrocarbons," Question #3 for derivation; 
http://www.ni.Qov/dep/srD/auldance/rs/eDh fao.htm). The entire remediation is 
complete, if remediation is not complete, go to then Step 9.B. 

B. A BEE is appropriate: 

i. If there is no contaminant of concern or no potential pathway or no sensitive 
eajlogical resource present based on the BEE, then the entire remediation is 
complete. If remediation is not complete, then go to Step 9.B.ii. 

ii. If the BEE finds that a potential contaminant of concem has a potential pathway to a 
sensitive ecological resource, then take the necessary actions and address the 
ecological concem. The entire remediation is complete. 

• Note that if the EPH corKentration does not exceed 1,700 mg/kg measured at 
the sen^tive ecologicai resource, the ecological remediation is considered 
complete, 

• Be advised that the maximum ecological remediation goal has been set at 4,000 
mg EPH/kg measured at ttie sensitive ecological resource. This value applies 
only to the terrestrial environment. For other environments (e.g., benthic), the 
TRSR are to be followed to determine the appropriate remediation. 
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CATEGORY 2 - Discharges of petroleum hydrocarbon mixtures other than No. 2 fuel oil and/or 
diesel fuel. Including: Number 4 and 6 Fuel Oils, Hydraulic Oils, Cutting 0||s, Crude Oil, 
Lubricating Oil, Waste Oil, Waste Vehicular Crankcase Oil, and Waste Mineral Oil for both the 
residential and non-resldentlal exposure scenarios 

The foilowing assumes that for a Category 2 discharge an unrestricted use is the endpoint of the remedial 
activities at sites where the residential exposure scenario applies. For sites where the non-residential 
exposure scenario appiies, non-residential use is assumed to be the goal. The use of a non-residential 
exposure scenario based value will require an institutional control (i.e., deed notice) to ensure the 
protectiveness of this value. This assumes contaminant concentrations remaining at the site will exce«J 
their respective most stringent direct contact soil remediation standards. The calculated EPH human 
health value will be different depending on the exposure scenario (residentiai or non-residential) inputted 
into the provided spreadsheet calculator. The remaining Steps are the same fcx both exposure 
scenarios. 

STEP 1. Determine EPH compliance by following the steps below: 

A. Use the EPH analytical method to determine the EPH concentration fw each sample: 

i. if the person responsible for conducting the remediation has reason to believe that 
the EPH concentration in a sample is below 1,700 mg EPH/kg, the person 
responsible for conducting the rernediation has the choice of using the non-
fractionation option of NJDEP EPH Method Revision 3. if the EPH concentration 
determined by this option is less than or equal to 1,700 mg EPH/kg, then it is not 
necessary to analyze the sample Using the fractionation option of NJDEP EPH 
Method Revision 3, nor is it necessary to determine the sample-specific health-based 
soil remediation criterion using the EPH Calculator. Then go to Step 2. 

ii. if the person responsible for conducting the remediation has reason to believe that 
the EPH concentration in a sample is above 1,700 mg EPH/kg, or if the result of the 
non^fractlOnation option of the NJDEP EPH Method Revision 3 is greater than 1,700 
mg EPH/kg, then it is necessary to analyze the sample using the fractionation option 
of the NJDEP EPH Method Revision 3 and to determine the sample-specific health-
based soil remediation criterion using the EPH Calculator, then go to Step I.B. 

See "Frequently Asked Questions for Petroleum Hydrocarbons," Question #18 for a 
discussion on the derivation of this 1,700 mg EPH/kg value 
ihttD://www.ni.aov/deD/srD/aindance/rs/eDh faa.htmi. 

B. Use the Department provided spreadsheet to calculate the sample-specific, human 
health-based EPH Soil Remediation Criterion (EPH SRC) for each sample, taking into 
account the applicable exposure scenario (i.e., residential or non-residential). Then go 
to Step 1.C. 

C. Each EPH sample result is less than or equal to its associated calculated EPH SRC, 

i. if the residential exposure scenario applies, then the remediation is compiete for 
EPH. Go to Step 2 to determine whether contingency analyses are required. If 
remediation is not complete, then go to Step 1 .D. 

il. if the nonTreslderitial exposure scenario appiies, then the remediation is compiete 
for EPH, but an institutional controi is required if the residentiai EPH SRC is 
exceeded. Go to Step 2 to determine whether contihgehcy analyses are 
required, if remediation is not complete, then go to Step 1.0, 
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D. One or more EPH sample results are greater than its associated caiculated EPH SRC. 
Conduct additional soil remediation (excavate/treat contaminated soil) and return 
to Step I.A. if no additional soil remediation is conducted, then go to Step I.E. 

E. Alternatively, consider conditional remediation closure (i.e., implementation of 
institutional and engineering controis) as well as address any other relevant rules, 
policies, and /or requirements. Go to Step 2 to determine whether contingency 
analyses required. 

STEP 2. Determine contingency analysis requirements by addressing the following; 

Required additional analyses depend upon the petroleum hydrocarbon mixUire discharged. 
These requirements are detailed in the TRSR, Table 2-1 ("Analytical Requirements for 
Petroleum Storage and Discharge Areas," 
httD://www.ni.aov/deD/srD/reas/techrule/techruie.Ddfi. Address all additional analyses that 
apply. 

The user should always consult the rihost up-to-date version of the TRSR to ensure that the 
correct contingency analyses are performed. 

Go to Step 3. 

STEP 3. Perform the required contingency analysis, if a remedial action is required, perform it, or 
consider conditional remediation closure (i.e., implementation of insljtutional and 
engineeting controls [excluding impact to ground water and free/residual product issues]) as 
Well as address any other relevant rules, policies, and/or requirements. Go to Step 4. 

STEP 4. Address all impact to ground water concems for the identified contaminants related to the 
discharge as per the guidance provided at 
httD;//www.ni.aov/deD/srD/auidance/rs/iqw intro.htm (note: exceptions to the SPLP anaiytical 
protocol for Category 1 discharges are not to be used for Cat^ory 2 discharges). Go to 
steps. 

STEP 5. Determine whether any measured EPH concentration is greater than the residual 
product/free product limit. EPH cannot exceed the residual product/free product limit of 
17,000 mg ^H/kg for petroleum hydrocarbon mixtures heavier than No, 2 fuel oil and djesel 
(see Appendix 2 for a discussion of the derivation of the residual product/free product 
concentration). 

A. All measured EPH concentrations are less than the calculated EPH SRC and are also 
less than 17,000 mg EPH/kg. Remediation is complete for residual product/free 
product. Go to Step 6. if remediation is not complete, then go to Step 5.B. Note 
that if the non-residential exposure scenario applies, at a minimum, an institutional 
control (i.e.. Deed Notice) must be established for all areas exceeding the residential 
EPH SRC. 

B. If any mrasured EPH concentration is less than its calculated EPH SRC but is greater 
than 17,000 mg EPH/kg, then additional remediation is required for EPH to achieve 
17,000 mg EPH/kg residua) product/free product limit. Following additional remediation. 
Go to Step 6. Note that if the non-residential exposure scenario applies, at a minimum, 
an institutional control (i.e.. Deed Notice) must be established for all areas exceeding the 
residential EPH SRC. 

STEP 6. If applicable, evaluate for the presence of sheen pufsuant to the Department policy 
(http://wvyw.ni.aov/deD/srD/Quidance/sheenA. If not applicable, then go to Step 7. 
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A. Sheen that needs to be addressed pursuant to the sheen policy is not present 
Therefore, there is no need to remediate sheen, go to Step 7. Otherwise, go to Step 
6.B. 

6. Sheen is present that needs to be addressed pursuant to the sheen policy. Take the 
rrecessary corrective actions. Go to Step 7. 

STEP 7. Evaluate for ecological concern: 

A. There are no EPH values exceeding 1,700 mg EPHfltg (see "Frequently Asked Questions 
for Petroleum Hydrocarbons," Question #3 for derivation: 
httD://www.ni.aOv/deD/srD/auidance/rs/eDh faa.htmi. The entire remediation is 
complete, if remediation is not complete, then go to Step 7.B. 

8. A BEE is appropriate: 

i. If there is no contaminant of concem or no potential pathway or no sensitive 
ecological resource present based on the BEE, then the entire remediation is 
complete. If remediation is not complete, then go to Step 7.B.ii. 

ii. If the BEE finds that a potential rontaminant of concerri has a potential pathway to a 
sensitive ecological resource, then take the necessary actions and address the 
ecological concem. The entire remediation is complete. 

• Note that if the EPH concentration does not exc»ed 1,700 mg/kg measured at 
the sensitive eailogical resource, the ecological remediation Is considered 
complete. 

• Be advised that the maximum ecological remediation gpai has been set at 4,000 
mg EPH/kg measured at the sensitive ecological resource. This value applies 
only to the terrestrial environment. For other environments (e.g., benthic), the 
TRSR are to be followed to determine the appropriate remediation 
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APPENDIX 1 

EPH Protocol Summary 

Type Category 1 Catec orv2 
Exposure 
scenario Residential Non-residential Residential Non-residential 

EPH Soil 
Remediation 
Criterion 

5,100 mg/kg 54,000 mg/kg Calculated Calculated 

EPH Trigger 
Concentration 
for 
Contingency 
Analyses 

1,000 mg/kg 1,000 mg/kg 
Pursuant to Technical 
Requirements for Site 
Remediation (TRSR), 

Table 2-1 

Pursuant to TRSR, 
Table 2-1 

Contingency 
Analyses 
(if required) 

2-methylnaphthalene and naphthalene 2-methylnaphthalene 
and naphthalene 

Pursuant to TRSR, 
Table 2-1 

Pursuant to TRSR. 
Table 2-1 

EPH Product 
Determination 8,000 mg/kg or greater 8,000 mg/kg or greater 17,000 mg/kg or 

greater 
17,000 mg/kg or 

greater 

Sheen 
Evaluation 

Pursuant to Department "Sheen Remediation 
Policy Initiative" 

(httD;//www.ni.aov/deD/srD/auidance/sheen/1 
Pursuant to 

Department Policy 
Pursuant to 

Department Policy 
Pursuant to 

Department Policy 

Ecological 
Screening 
Criterion* 

1,700 mg/kg 1,700 mg/kg 1,700 mg/kg 1,700 mg/kg 

2 
3' 

f 

* Ecological evaluation not required at most homeowner sites or where there is no significant ecological receptor 

O 
Q 



APPENDIX 2 

Residual saturation values for No. 2 fuel oil, diesel, and heavier TPH products 

Paul Sanders, Ph.D. 
Research Scientist 

Bureau of Envlronrnental Evaluation and Risk Assessment 
Division of Remediation Management and Response 

New Jersey Dept of Environmental Protection 

November 2009 

Health-based screening levels for No. 2 fuel oil, diesel fuel, other fuel oils, and lubricating oils may be 
very high under certain conditions (e.g., non-residential scenarios). For this reason, it Is necessary to 
develop maximum allowed concentrations for total petroleum hydrocarbons In soil to protect against other 
Undeslred effects of these contaminants when present at high levels. The presence of nonaqueous 
phase liquid (NAPL) when the soil saturation limit (Csat) Is exceeded Is one parameter that has been used 
as an upper limit on Individual contaminant concentrations In soil (USEPA, 1996; New Jersey Soil 
Remediation Standards; New Jersey Administrative Code 7:26D, accessed 2009). However, for 
petroleum products, this concentration has been calculated to be quite tow, and far below health-based 
screening levels. For sample, a Csat concentration of 18 mg/kg has been estimated for diesel, compared 
to the NJDEP residential health-toaSed concentration of 5,100 mg/kg (Brost and DeVaull, 2000). Thus, 
the Csat concentration is not a useful parameter to use as an upper limit concentraton for petroleum 
hydrocarbon products. A more practical parameter, the residual saturation pwint, has been defined as the 
concentration below which NAPL becomes discontinuous and Is Immobilized by capillary forces within the 
soil (Mercer and Cohen, 1990). This Is analc^ous to the field capacity parameter for soil moisture. Above 
this concentration, NAPL may become mobile and be subject to downward drainage due to the effects of 
gravity. The fraction of the NAPL above the residual saturation point has been termed "free product," or 
"flowable product," and Is generally not allowed by the NJDEP to remain in soil after remedial action Is 
taken. The residual saturation concentration Is therefore suitable as an upper limit for petroleum product 
concentrations In soil when the health-based screening Criterion is very high. This parameter has also 
been utilized by Washington State [Washington Administrative Code 173-340-747, accessed 2009], Ohio 
[Ohio AdnHnlsliatlve Code C 3745-300-09, accessed 2009] and Alaska (Alaska Statement of Cooperation 
Working Group, 2006). 

The American Petroleum Institute recently reviewed available measurements of residual saturation points 
of various petroleum fuels as a function of soil type (BrOst and DeVaull, 2000). This review Includes the 
work of Cohen and Mercer (1990), Fussell et al. (1981), Hoag and Marley (1986), API (1980), and others. 
The residual saturation point Is dependent on contaminant properties (especially viscosity) and upon soil 
properties (particularly soil texture). Low viscosity fuels, such as gasoline, have lower residual saturation 
points, while higher viscosity fuels, such as No. 2 heating on, have higher values. Residual fuels, such as 
No. 6 fuel oil, are high viscosity products and may have residual saturation polnte many times higher than 
gasoline. Finer soil textures (such as silt) exhibit higher residual saturation points than coarser textures 
(such as sand). 

The compiled data from Brost and DeVaull Indicate that residual saturation concentrations for "middle 
distillates" (I.e., No. 2 fuel oil and diesel) ranged from 2,300-23,000 mg/kg as soil texture ranged from 
coarse gravel to silt (data from Fussell et al.). API (1980) reports a value for residual saturation diesel In 
"soli" as 34,000 (moisture content unknown). Sand was selected by the NJDEP as a reasonably 
conservative soil texture for determination of a default upper limit concentration for No, 2 fuel oil and 
diesel based on the residual saturation point. The results of Fussell et al. indicate that the residual 
saturation point for "medium sand" ranged from of 8,000-13,000 mg/kg. The soil moisture In these 
measurements was approximately 0.04 (v/v), which Is In between median values for the wilt point (-0.02) 
and the field capacity (-0.06) for subsurface sand (Carsel et al., 1988). SIncte Infiltrating petroleum would 
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likely displace some of the soil moisture being held at field capacity, this soil moisture content was feit to 
be appropriate. 

As is discussed in Brost and DeVaull, the residual saturation concentrations from the study of Fussell et 
ai. tend to be lower than those from other studies. This is illustrated by comparing the range of residual 
saturation points of gasoline in medium sand by Fussell et al. (3,000-6,000 mg/kg), with a range of 
20,000-44,000 mg/kg reported for medium sand under similar moisture contents (Hoag and Mariey, 
1986). Thus, the residual saturation points of Fussell et aL appear to be conservative relative to other 
studies. Based on this assessment, BroSt and DeVautl recomrhend a residual saturation concentration of 
8,000 mg/kg for medium sand soil and middle distillates (i.e., diesel and No. 2 fuel oil). The NJDEP 
concurs that this value appears reasonable as a generic concentration to use as an upper limit for these 
fuel types in order to prevent the occurrence of mobile free product. 

Using a similar analysis for 'fuel oils" (i.e., fuel oils heavier than diesel and No. 2 fuel oil), the compiled 
data from Brost and DeVaull indicate that residual saturation concentrations for heavier lliel oil ranged 
from 5,000-51,000 mg/l^ as soil texture ranged from coarse gravel to silt (data from Fussell et al.). API 
(1980) reports a value for residual saturation fuel oil and lubricating oil in "soil" as 53,000 (moisture 
content unknown). Again, looking at the results for medium sand from Fussell et al., where soil moistures 
were judg«J to be appropriate, the residual saturation point was estimated to be in the range of 17,000-
30,000 mg/kg, and the recommended value for residual saturation for fuel oils heavier than diesel is 
17,000 mg/kg. The NJDEP concurs with this assessment. 

Data for lubricating oils other than mineral oil, as reported in Brost and DeVaull, is scarce. Furthermore, 
many of the reported results either do hot include soil moisture contents or were inappropriately run on 
dry soil. For this reason, Brost and DeVauil do not recommend a residuai saturation concentration for 
lubricating oils. However, review of the Brost and DeVaull report yields residual saturation values for 
mineral oil in glaciai tili and aliUvium with water contents of 0.02 and 0.03, respectively. The reported 
residuai safairation values are 11,000-19,000 mg/kg for glacial tili and 61,000 mg/kg for alluvium. Both of 
these materials may vary widely in soil texture, but glaciai tili is more likely to be similar to sandy soils 
than alluvial material. Given that the residuai saturation value selected for heavier fuel oils ties within the 
range reported for mineral oil in glacial till, it is judged by the NJDEP that the value of 17,000 mg/kg used 
for heavier fuel oil is aiso adequately protective for lubricating oils. 
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